Yflrnm Chnlono, si &). 
Attorney Docket No. DXUC-M020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 1 of 22 

Black Lowe & Graham, PLLC 



J 




FIG. 1 



"~~ ' \ 

Vikram Chalang, Si §]. 
Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 5 of 22 

Black Lowe & Graham, PLLC 




FIG. 5A FIG. 5B 



YilfffimGhalanfliflal 

Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 6 of 22 

Black Lowe & Graham, PLLC 



FIG. 5C 




314B 



VOcram Chalana, ct al. 
Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5. 2003 

Express Mail No. EL 962633890 US 

Sheet 7 of 22 

Black Lowe & Graham. PLLC 




Uflawm GUI , vl «J. 

Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 8 of 22 

Black Lowe & Graham, PLLC 












Intensity-Based 
Segmentation 

422 




Edge-Based 
Segmentaiion 

438 



I 



Combine by AND Operator 


of Images ... 

442 








Polish 








464 










Output Segmented 






Image 4g() 






r 




Compute Area or 






Volume 





FIG. 7 



VOcram Chalana, ct al. 
i-viiuincy uoacct No. DXUC- 1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 9 of 22 

Black Lowe & Graham, PLLC 

) 



Heat Filter 


514 


1 


Shock Filter 


518 



418 



FIG. 8A 



422 



Intensity 
Clustering 
into white, 
gray, and 
black pixels 



522 



J 



Spatial Gradients 



526 



438 



Hysteresis Threshold 



530 



I 



Region-of-lnterest (ROI) Selection 

534 



I 



Matching Edges Filter 



538 



FIG. 8B 



FIG. 8C 



Yibram Chnliirc) n al 

Anomcy Docket No. DXUC- 1-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 10 of 22 

Black Lowe & Graham, PLLC 



464 



Close to obtain Apparent Amniotic Fluid Area 
(AAFA) or Volume (AAFV) 546 



I 



Open to reduce AAFA or AAFV 



Remove Deep Regions to further reduce 



AAFA or AAFV 554 



I 



Remove Fetal Head Regions to further reduce 

AAFA or AAFV 560 



FIG. 8D 



Vilicana Chtlwia, :l J. 
Attorney Docket No. DXUC- 1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 11 of 22 

Black Lowe & Graham, PLLC 



560 



Gestational Age 



726 



Determine Head Diameter Factor 

730 

1 

Head Edge Detection 

734 



Hough Transform 



736 



L 



FIG. 8E 



Vtlcnun Chalana, ct aJ. 
Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME ■ 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 12 of 22 

Black Lowe & Graham, PLLC 

) 



736 



Polar Hough Transform 



738 



I 



Find Maximum Hough Value 



742 



I 



Fill Circle Region 



746 



FIG. 8F 



vikram Chalana, ct al. 
Attorney Docket No. DXUC-I-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 13 of 22 

Black Lowe & Graham, PLLC 




FIG. 9 



ViVmm ChalaiiL, M il. 
Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: Novembers, 2003 

Express Mail No. EL 962633890 US 

Sheet 14 of 22 

Black Lowe & Graham, PLLC 

) 



820 



840 






FIG. 10 



Vfluom i,naiana, ct ai. i 
Attorney Docket No. DXUC-1-1020 I 
3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE I 
MEASUREMENT OF AMNIOTIC FLUID VOLUME 
Filed: November 5, 2003 
Express Mail No. EL 962633890 US 
Sheet 15 of 22 

Black Lowe & Graham, PLLC 

) 




Vflrram Chnlono, ■» ll. 
Attorney Dock* No. DXUC-1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 16 of 22 

Black Lowe & Graham, PLLC 




g 

LL 



jo Q 

H 

Is 



in 

E 



t 



c 



8,6 



O 
CO 



Vikram Chalazia, ct aj, 
Attorney Docket NcTdXUC-1-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 17 of 22 

Black Lowe & Graham, PLLC 




VILwm Cliolojia, ct ai. 
Attorney Docket No. DXUC- 1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 18 of 22 

Black Lowe & Graham, PLLC 

J 




1000 



'•'ILiiun Chulcuto, hi id. 

Attorney Docket No. DXUOI-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 
MEASUREMENT OF AMNIOTIC FLUID VOLUME 
Filed: November 5, 2003 
Express Mail No. EL 962633890 US 
Sheet 19 of 22 

Black Lowe & Graham, PLLC 




Segmentation 
1008 



I 



RigidRegistration 
1012 



FuseData 



1016 



i 



CalculateVolume 
1020 



Fig. 15 



v Utram Chalana, ct al. , 
Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE j 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 20 of 22 

Black Lowe & Graham, PLLC 

/ 



Fixed Image 

1104 



.3D.Scan.ConverL 
1108 



3D Edge Detection 
1112 



3D Distance 
Transform 

1116 



Moving Image 

1124 




3D Scan Convert 

1128 



3D Edge Detection 

1132 



Apply Transform 

1140 



Find Closest Points 
on Fixed Image 

1148 



Determine New 
Transform 

1152 



Calculate Distances 

1156 



Initial 
Trasnform 

1136 



1012 



i- ' 




No*{ Done (go to 1016) 

1164 



Apply Transform 
1140 




\ •• • 



Done (goto 1016) 

V 1164 y 



Vikram Chalana, ct a). 
Attorney Docket No. DXUC-1-1020 

3D ULTRASOUND-BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 21 of 22 

Black Lowe & Graham, PLLC 



Fig. 17A Fig. 17B 




50 1 00 1 50 200 2 50 



Fig. 17C 



Vilrrmn Chiluii, -1 J. 
Attorney Docket No DXUC- 1-1020 

3D ULTRASOUND- BASED INSTRUMENT FOR NON-INVASIVE 

MEASUREMENT OF AMNIOTIC FLUID VOLUME 

Filed: November 5, 2003 

Express Mail No. EL 962633890 US 

Sheet 22 of 22 

Black Lowe & Graham, PLLC 



-1224A 



1220A 



1220B 




18A 



18B 



Fig. 18C 



200 300 / 400 

1220D 



Fig. 18D 



